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SURMHFW WR H[SHULPHQWDOO\ GHWHUPLQH KRZ VXFK WHFKQRORJ\ FRXOG LQIOXHQFH WKH PRWLYDWLRQ DQG







7KH SURMHFW ZDV WKH ILUVW RI LWV NLQG LQ0RURFFR VLQFH LW SHUPLWWHG GHFHQW XVDJH RI ,&7 LQ FODVVURRP
VLWWLQJVDQGDOORZHGLQWHJUDOSDUWLFLSDWLRQRIPLGGOHVFKRROWHDFKHUVLQWKHHODERUDWLRQRI,&7SHGDJRJLFDO
WHDFKLQJUHVRXUFHVXVLQJ$UDELFDVWHDFKLQJODQJXDJH&RQWUROVWDQGDUGDQGH[SHULPHQWDO,&7EDVHG
FODVVHV ZHUH ERWK WDXJKW E\ WKH VDPH WHDFKHUV DQG DOO WKH H[SHULPHQWV ZHUH FDUULHG RXW LQ FORVH
FROODERUDWLRQEHWZHHQWKHDXWKRUVDQGWKHWHDFKHUVZLWKDVVLVWDQFHIURP,&7HQJLQHHUVDQGWHFKQLFLDQV
4XDQWLWDWLYH HYDOXDWLRQ RI WKH H[SHULPHQWDO GDWD EDVHG RQ JHQHUDO EDODQFHG VWDJH QHVWHG GHVLJQ
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 ,1752'8&7,21$1'%$&.*5281'
7KH DSSOLFDWLRQ RI ,&7EDVHG HGXFDWLRQ LQ VFLHQFH KDV EHHQ WKH IRFXV RI VHYHUDO VWXGLHV >@ 7KLV
LQWHUHVWVWHPVIURPHIIRUWVWRLPSURYHHGXFDWLRQLQWHUPVRIHIIHFWLYHQHVVDQGHIILFLHQF\WKURXJKWKHXVH
RI,&7
,Q JHQHUDO WKH HGXFDWLRQ RI VFLHQFH DQG WHFKQRORJ\ LQ0RURFFR LV FRQIURQWLQJ FKDOOHQJHV DW WLPHV WKH
FRXQWU\QHHGVPRUHTXDOLW\HQJLQHHUV WR VDWLVI\ LWVH[SRQHQWLDO LQGXVWULDOGHYHORSPHQW>@  ,QIDFW WKH





VFLHQFH LQVWUXFWLRQ DV D IRXQGDWLRQ IRU WKH ODUJHU SURMHFW WKDW ZRXOG LPSURYH DQG DVVLVW SULPDU\ DQG
VHFRQGDU\HGXFDWLRQLQ0RURFFR0RUHGHWDLOVDERXWWKHEDFNJURXQGWKHFRQVWUDLQWVWKHVWUXFWXUHRIWKH
SURMHFW LWV KXPDQ DQG SK\VLFDO UHVRXUFHV WKH GHYHORSPHQW RI WKH HOHDUQLQJ HQYLURQPHQW DQG GLJLWDO
UHVRXUFHVFDQEHFRQVXOWHGLQ>@,QWKLVSDSHUWKHIRFXVLVRQWKHDSSURDFKXVHGDQGWKHDQDO\VLVRIWKH
UHVXOWV DFKLHYHG LQ LPSURYLQJPRWLYDWLRQ DQG SHUIRUPDQFH RI SXSLOV DV ZHOO DV WHDFKHUV LQ&KHPLVWU\
3K\VLFVHGXFDWLRQ:HDOVR VKHGVRPH OLJKWRQ WKHREVWDFOHVHQFRXQWHUHGDQG WKH OHVVRQV OHDUQHG IURP
WKLVSURMHFW7KHRULJLQDOLW\RIWKLVVWXG\LVQRWVRPXFKLQWKHLQWURGXFWLRQRI,&7LQHGXFDWLRQZKLFKKDV
EHHQ WULHG DQGRU LV LQ XVH LQPDQ\ FRXQWULHV EXW LQ LWV UHVHDUFKEDVHG RSHUDWLRQPHWKRGRORJ\ DQG LWV
SDUWLFLSDWRU\DSSURDFK7KXVPDNLQJWHDFKHUVGLUHFWO\LQYROYHGLQFRQWHQWGHYHORSPHQWDQGIDFLOLWDWLQJ
WKHLUDFFHSWDQFHRIWKHWHFKQRORJ\+RZHYHUDUHVLVWDQFHRUUHMHFWLRQWRFKDQJHLQSHGDJRJ\ZLWKOLWWOHRU
QRSDUWLFLSDWLRQE\WKHWHDFKLQJERG\FDQEHREVHUYHGLI WKLV,&7DSSURDFK LVLPSRVHGIURPDERYH ,Q
DGGLWLRQ WKH LQWURGXFWLRQ RI WHFKQRORJ\ LQ HGXFDWLRQDO LQVWLWXWLRQV ZLWKRXW SURYLGLQJ DQ\ VWUXFWXUH IRU
PDLQWDLQLQJ WKH HTXLSPHQW RU WUDLQLQJ XVHUV SXSLOV DQG WHDFKHUV LQ KRZ WRPDNH HIIHFWLYH XVH RI WKH









SHGDJRJLFDO LQVSHFWRU IURP WKH VDPHGLVFLSOLQH LQHDFKRI WKH WZRSLORWPLGGOH VFKRROV FRQWULEXWHG WR
WKLVSURMHFW (DFK WHDFKHUZDV UHVSRQVLEOH IRU WKHH[SHULPHQW LQRQHPLGGOH VFKRROJUDGH %HIRUH WKH
VWDUW RI WKH H[SHULPHQW WKH WHDFKHUV DQG WKH LQVSHFWRUV ZKR MRLQWO\ FRQVWLWXWH WKH SHGDJRJLFDO WHDPV
ZHUHUHTXHVWHGWRGHVLJQVFHQDULRVRIOHVVRQVLQWHJUDWLQJ,7&LQWKH0RURFFDQFXUULFXOXP7KHWHFKQLFDO
WHDP FRPSRVHG RI WHQ HQJLQHHUV DQG WHFKQLFLDQV DW &,7, ZDV UHVSRQVLEOH IRU GLJLWL]LQJ PRGXOHV
SURSRVHG E\ WKH SHGDJRJLFDO WHDP PDQDJLQJ WKH SURMHFW SODWIRUP DQG LQVWDOOLQJ DQG PDLQWDLQLQJ WKH
FRPSXWHUHTXLSPHQWLQWKHPXOWLPHGLDURRPVDVZHOODVUHFRUGLQJW\SLFDOGLVWLQFWLYHFODVVOHFWXUHVDQG
SUHVHQWDWLRQV-RRPODZDVFKRVHQDVWKHSODWIRUPIRUPDQDJLQJWKHGLJLWDOFRQWHQW&RQWHQW0DQDJHPHQW
6\VWHP &06 7KH FKRLFH RI -RRPOD ZDV EDVHG RQ LWV HDVLQHVV WR FRQILJXUH DQG WR SHUVRQDOL]H LQ
DGGLWLRQ-RRPODLVRQHRI WKHUDUH SODWIRUPWKDWSURYLGHVXSSRUWIRU$UDELFODQJXDJH-RRPODZRQWKH
EHVW2SHQ&RQWHQW6RXUFH0DQDJHPHQW6\VWHPDZDUG LQ 7KLVSODWIRUPLQFOXGHVIXQFWLRQDOLWLHV
QHFHVVDU\ IRU WHDFKLQJ ZLWK GLJLWDO UHVRXUFHV SHUPLWWLQJ WKHUHIRUH WKH DGGLWLRQ RI PRGXOHV VXFK DV









LGHDV RQOLQH )RUXPV DOORZHG IRU YLUWXDO PHHWLQJV H[FKDQJH DQG RIIHUHG VLJQLILFDQW WHDFKHUWHDFKHU
WHDFKHUVWXGHQWDQGVWXGHQWVWXGHQWLQWHUDFWLYLWLHV>@
)XUWKHUPRUHWHDFKHUVZKRXVHWKHSODWIRUPVFDQXSORDGOHFWXUHVDQGSDUWLFLSDWHLQWKHGHYHORSPHQWDQG




7KHHQWLUHSHGDJRJLFDO WHDPEHQHILWHG IURPDSSURSULDWH WUDLQLQJVHVVLRQVDQGZRUNVKRSV7HDFKHUVDQG
LQVSHFWRUV IURP WKH SDUWLFLSDWLQJPLGGOH VFKRROV WRRN SDUW LQ WUDLQLQJ FRXUVH RUJDQL]HG E\ &,7,  7KH
WUDLQLQJVSDQQLQJKRXUVRYHUWKHVSDFHRIZHHNVWDUJHWHGWKHEDVLFWRROV:RUG([FHO3RZHU3RLQW
,QWHUQHW H[SORUDWLRQ HPDLO DQG XVH RI WKH GLJLWDO SODWIRUP RI WKH SURMHFW 7KH FHQWHU DOVR RUJDQL]HG







0RURFFDQ HGXFDWLRQ SURJUDP  7KH FKRVHQPRGHO LV FRQVWUXFWLYLVP DQG WKH GHYHORSPHQWPHWKRGV IRU





IODVK DQLPDWLRQV LQWHUDFWLYH H[HUFLVHV ILOP VHTXHQFHV YLUWXDO H[SHULHQFHV SKRWRV SRZHU SRLQW
SUHVHQWDWLRQV SURSRVHG E\ WKH SHGDJRJLFDO WHDP DQG LWV LQVHUWLRQ LQWR WKH SODWIRUP  7KH WHDP¶V
WHFKQLFDOZRUNZDVFORVHO\ IROORZHGE\&,7,FRRUGLQDWRU DVZHOO DV WKHSURSHUSHGDJRJLFDO WHDP7KH
GLJLWDOSURGXFWVFUHDWHGE\WKHPZHUHDOVRHYDOXDWHGIURPDVFLHQWLILFDQGSHGDJRJLFDOSHUVSHFWLYH
 ,QWHUQDODQG([WHUQDO9DOLGDWLRQRI0XOWLPHGLD2XWSXWV
2QFH WKHGLJLWDOSHGDJRJLFDO UHVRXUFHVZHUHSURGXFHGE\ WKH ³FRQWHQWH[SHUWV´DQG WKH&,7,FRPSXWHU
WHFKQLFLDQV UHJXODU GLVFLSOLQHVSHFLILF PHHWLQJV ZHUH VFKHGXOHG LQ RUGHU WR LQWHUQDOO\ YDOLGDWH WKH
FRKHUHQFH RI WKH SURGXFWV DQG WKHLU DGKHUHQFH WR SHGDJRJLFDO REMHFWLYHV VHW RXW E\ WKH DFWXDO QDWLRQDO
SURJUDPV
:LWKLQ WKH IUDPHZRUN RI WKH FROODERUDWLRQ EHWZHHQ$O $NKDZD\Q8QLYHUVLW\ LQ ,IUDQH $8, DQG WKH
0LQLVWU\RI1DWLRQDO(GXFDWLRQDQGZLWKWKHDLPRIEHWWHUMXGJLQJWKHWHFKQLFDOTXDOLW\DQGSHGDJRJLFDO
RULHQWDWLRQRIWKHHODERUDWHGUHVRXUFHVDQH[WHUQDODXGLWZDVVHWWKURXJKE\DWHDPIURPWKH0LQLVWU\RI
1DWLRQDO (GXFDWLRQ UHSUHVHQWLQJ WKH 1DWLRQDO &HQWUH IRU 3HGDJRJLFDO ,QQRYDWLRQ DQG ([SHULPHQWDWLRQ
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&1,3(7KLV WHDPDVZHOO DV ,&7(GXFDWLRQH[SHUWV  UHYLHZHG WKHFRQWHQWRI WKLVHGXFDWLRQDOGLJLWDO
SURGXFWV







)RU HDFK PLGGOH VFKRRO OHYHO WZR JURXSV $ DQG % RI WZHQW\ VWXGHQWV HDFK RQH VWXGHQW IRU HDFK
FRPSXWHU LQ WKH PXOWLPHGLD URRP ZHUH UDQGRPO\ FKRVHQ ZLWK WKH XVXDO GLVWULEXWLRQ H[FHSW WKDW LQ
RUGLQDU\ FODVVHV WKH FODVV VL]H LV IRUW\  ,Q SDUDOOHO WKH FKHPLVWU\SK\VLFV WHDFKHUZDV DOVR UDQGRPO\
DVVLJQHGWRWHDFKRQHOHYHOLQHDFKPLGGOHVFKRRO
*URXS$ WKH H[SHULPHQWDO FODVV IROORZHG WKH FRXUVH RI VWXG\ZLWK WKH DLG RI ,&7 LQ WKHPXOWLPHGLD
FODVV *URXS% WKH FRQWURO FODVV IROORZHG WKH VDPHFRXUVHRI VWXG\ZLWK WKH VDPH WHDFKHUEXW LQ DQ
RUGLQDU\ FODVVURRP DQG ZLWKRXW WKH DLG RI ,&7 6HH )LJXUH  7KH WZR JURXSV XQGHUZHQW LGHQWLFDO
HYDOXDWLRQVHDFKWULPHVWHU$VWDWLVWLFDODQDO\VLVRIWKHUHVXOWVRIWKHWZRFODVVHV$DQG%ZRXOGSHUPLWD
TXDQWLWDWLYHHYDOXDWLRQRIWKHLPSDFWRILQWHJUDWLRQRI,&7

















)RUPRUHDFFXUDWH VWDWLVWLFDO HYDOXDWLRQZHFRQGXFWHGD7WHVWDVGHVFULEHG LQRXUSUHYLRXVZRUN >@
7KH QXOO K\SRWKHVLV RI WKH7WHVW VWDWHV WKDW WKHPHDQV IRU ERWK JURXSV DUH WKH VDPH DQG WKH DOWHUQDWH
K\SRWKHVLVVWDWHVWKDW WKHPHDQRIWKHH[SHULPHQWDOJURXSLVKLJKHUWKDQWKHPHDQRIWKHFRQWUROJURXS
2XU7WHVWZDVFRQGXFWHGDWDQFRQILGHQFHOHYHODQGRXUGHFLVLRQZDVEDVHGRQWKHSYDOXHRIWKH




/HYHO WK WK WK WK WK WK
3YDOXH      






VFKRRO 2YHUDOO WKLV UHSUHVHQWV D VXFFHVVIXO UDWH RI DERXW  LQ ERWK VFKRROV ,Q SDUDOOHO WR WKH
TXDQWLWDWLYHDQDO\VLVZHFRQGXFWHGDVXUYH\VDQGFODVVURRPREVHUYDWLRQVLQRUGHUWRPHDVXUHTXDOLWDWLYH
LPSDFWRIXVLQJ ,&7 LQFODVVHV2QHRI WKHQRWLFHDEOH UHVXOWV LV WKHKLJKPRWLYDWLRQ IRU WKHXVHRI ,&7
WRROVLQWKHWHDFKLQJDQGOHDUQLQJRIFKHPLVWU\DQGSK\VLFV
&21&/86,21
7KLV VWXG\ VKRZV SRVLWLYH LPSDFW RI ,&7EDVHG HGXFDWLRQ LQ FKHPLVWU\SK\VLFV HGXFDWLRQ LQ PLGGOH
VFKRROV :HQRWLFHG WKDWRXU7WHVWDQDO\VLV HYHQ WKRXJKZLWKDVXFFHVV UDWHZDVQRWFRQVLVWHQW
DFURVV DOO OHYHOV LQ WKH WZR SLORW PLGGOH VFKRROV H[FHSW IRU WKH WK JUDGH  .QRZLQJ WKDW SURSHU
SHGDJRJLFDO XVDJHRI ,&7 WRROV LVDGHWHUPLQLVWLF IDFWRU LQFODVVURRPSHUIRUPDQFHZHEHOLHYH WKDW WKH
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REVHUYHG GLVFUHSDQFLHV DUH SUREDEO\ GXH WR WKLV IDFWRU:H EHOLHYH WKHUHIRUH WKDW WHDFKHUV QHHG WR EH
DFFRPSDQLHGWRZDUGVHIILFLHQWLQWHJUDWLRQRI,&7LQWKHLUGDLO\WHDFKLQJSUDFWLFHV
6RPHDVSHFWVDQGOHDUQHGOHVVRQVIURPWKHFRQGXFWLRQRIWKLVSURMHFWFRXOGEHVXPPDUL]HGDVIROORZV
x $ULJRURXVSODQQLQJRI WKHSURMHFW GHILQLWLRQRIREMHFWLYHVPHDQV UHVRXUFHVDQGDFWLRQV
DOORZHGWKHSURMHFWWRDGYDQFHQRWDVDSUHGHILQHGSURGXFWEXWUDWKHUDVDFRQWLQXRXVDFWRI
UHJXODUTXHVWLRQLQJRIDGDSWDWLRQWRFRQWH[WDQGFRQVWUDLQWV




























/HDUQLQJ WR ,QFUHDVH 6SDQLVK , 6FRUHV LQ 0LGGOH 7HQQHVVHH +LJK 6FKRRO 7HQQHVVHH
(GXFDWLRQDO/HDGHUVKLSSS
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>@ /HJURXUL $ 2XDUGDRXL $ 'DUKPDRXL + /RXGL\L . %HUUDGR $ 
,QWURGXFWLRQ RI ,&7 LQWR 0LGGOH 6FKRRO &KHPLVWU\3K\VLFV (GXFDWLRQ LQ 0RURFFR
,QWHUQDWLRQDO &RQIHUHQFH RQ 2 WK (XURSHDQ &RQIHUHQFH RQ 5HVHDUFK LQ &KHPLVWU\
(GXFDWLRQ(&5,&(-XO\.UDNRZ3RODQG
>@ 6PLWK.'DUKPDRXL+/RXGL\L.%HUUDGD)%HUUDGR$&DYDOOL6IRU]D9(O
$VOL   $ /HJURXUL $ 0HVVDRXGL ) 2XDUGDRXL $ 6HQGLGH .   &,7,
([SHULHQFHLQLQWURGXFLQJ,&7LQWR0LGGOH6FKRROHGXFDWLRQLQ0RURFFR3URFHHGLQJRI
WKH,&/6HSWHPEHU9LOODFK$XVWULD
>@ 6PLWK .  'DUKPDRXL+  $ODRXL &  %HQVDLG $ %HUUDGD )  %HUUDGR$
'ULRXHFK2 (O $VOL $ /HJURXUL $ /RXGL\L . 0HVVDRXGL ) 0RXOLQH )
2XDUGDRXL$6HQGLGH. %ULQJLQJ ,QIRUPDWLRQ7HFKQRORJ\ WR0LGGOH6FKRRO
,QVWUXFWLRQLQ0RURFFR3URFHHGLQJVRIWKH,QWHUQDWLRQDO&RQIHUHQFHRQ7HFKQRORJ\
LQ(GXFDWLRQ0DUFK9DOHQFLD6SDLQ
>@ %HUUDGR$ 'DUKPDRXL+ (O $VOL $ /HJURXUL$  /RXGL\L. 0HVVDRXGL )
2XDUGDRXL $ 6HQGLGH. 6PLWK .  0HDVXULQJ 7KH ,PSDFW2I ,QWURGXFLQJ





>@ .RUHD ,QWHUQDWLRQDO &RRSHUDWLRQ $JHQF\ ³0DNLQJ D %HWWHU :RUOG 7RJHWKHU´
KWWSZZZNRLFDJRNU0D\
>@ -RRPOD%HFDXVH2SHQ6RXUFH0DWWHUV´KWWSZZZMRRPODRUJ
